Objective: To analyze the relative risk of reoperation for recurrence using 3 anesthetic alternatives, general anesthesia (GA), regional (spinal-, epidural-) anesthesia (RA), and local anesthesia (LA), and to study time trends for various anesthetic and operative methods, as well as other risk factors regarding reoperation for recurrence. Background: The method of anesthesia used for hernia repair is generally assumed not to affect the long-term outcome. The few studies on the topic have rendered conflicting results. Methods: Data from the Swedish Hernia Register was used. Relative risk was first estimated using univariate analysis for assumed risk variables and then selecting variables with the highest or lowest univariate risk for multivariate analysis. Results: From 1992 through 2001, 59,823 hernia repairs were recorded. Despite the fact that univariate analysis showed a somewhat lower risk for reoperation in the LA group, the multivariate analysis showed that LA was associated with a significantly increased risk for reoperation in primary but not in recurrent hernia repair. The Lichtenstein technique carried a significantly lower reoperation risk than any other method of operation. Conclusions: LA was associated with a higher risk of reoperation for recurrence after primary hernia repair. The use of mesh techniques has increased considerably, and among these the Lichtenstein repair was associated with a significantly lower risk for reoperation than any other repair.
L A for groin hernia repair was first proposed by Cushing on the basis of a study initiated by Halsted more than 100 years ago. 1 Despite the great renown of its first advocates the technique has not become generally accepted. Admittedly, LA is considered the anesthetic method of choice in specialized hernia centers. [2] [3] [4] [5] [6] In general surgical practice, however, LA is only used in 5 to 8% of the patients. [7] [8] [9] This is rather surprising because recent studies, retrospective, 10 -12 prospective, 4, 13 as well as randomized, 14 -17 all bear witness to its advantages over RA and GA. Among the reported advantages are simplicity, safety, extended postoperative analgesia, early mobilization without postanesthesia side effects, and low cost.
The long-term outcome of hernia repair is generally assumed not to be affected by method of anesthesia used. 18 However, the evidence on which this assumption is based is far from convincing. The few studies on the topic have rendered conflicting results. 19 -21 Moreover, the information from randomized trials is limited since follow-up periods are relatively short.
The Swedish Hernia Register (SHR) 22, 23 today covers more than 80% of all Swedish surgical units where hernia surgery is performed. By the 31st of December 2001 almost 60,000 hernia repairs had been prospectively recorded, according to a protocol. All repairs are followed in life-table fashion until reoperation in the same groin or until death of patient. With such large numbers of data, it is possible to study time trends for anesthetic methods and repair techniques. Furthermore, multivariate analysis of risk for reoperation associated with alternatives in anesthesia and surgery may also be undertaken with appropriate adjustment for possible confounding factors.
In this investigation SHR data was used to estimate the relative risk (RR) of reoperation for recurrence with the 3 anesthetic alternatives. We also studied time trends in the use of various anesthetic and operative methods, as well as other risk factors for recurrence.
PATIENTS AND METHODS
The study comprised all patients older than 15 years of age who underwent groin hernia repair between January 1, 1992, and December 31, 2001, at surgical units participating in the SHR. Immediately after operations for inguinal and femoral hernia surgeons prospectively documented data according to a protocol. The following variables are recorded; time on waiting list, patient characteristics, type of hernia, method of repair, suture material, anesthesia, postoperative complications within 1 month, and reoperation for recurrence. Clinical follow-up is not mandatory, but any complication observed by the operating unit up to 30 days after surgery has to be recorded in the database.
The register has received permission to use the personal ID-number 24 by which every Swedish citizen can be identified. This makes it possible to follow patients annually, to adjust life tables for death, and to link recurrent hernia repair to previously performed surgery. Each year an external reviewer visits some of the aligned units and compares data sent to the register center with a sample of operative records and patient files to check the validity of the data. The register has been found to include 98% of eligible operations. 1
Statistics
Differences between groups, for categorical variables, were tested with 2-tailed 2 analysis. The cumulative incidence of reoperation at different times after an index repair was measured by actuarial life table analyses. RR analyses were estimated with the Cox's proportional hazards model, 25 first performing univariate analyses for assumed risk variables and then selecting variables with the highest or lowest univariate risks for multivariate analysis. Statistical analyses were performed using the SPSS program. All p-values given are two-tailed.
RESULTS
Between January 1, 1992, and December 31, 2001, 59,823 hernia repairs were recorded in the SHR. During this 10-year period 30,192 (50.5%) repairs were performed under GA, 22,901 (38.3%) in RA and 6,730 (11.2%) in LA. As can be seen in Figure 1 , great changes have taken place concerning the choice of anesthesia. In the early 1990s the use of LA was limited to a few cases, but by the middle of that decade, its use increased and reached 19% in 2001. During the same 10-year period, the use of RA decreased from 75% to 22%.
The percentage of patients treated on an outpatient basis increased from 33% in 1992 to 70% in 2001 ( Fig. 2 ) with wide variations among participating units. Of all repairs performed under LA 82.4% were conducted on an outpatient basis. The corresponding percentages for RA and GA were 48.1% and 61.1%, respectively. The differences between the 3 groups are statistically significant (P Ͻ 0.001).
The annual number of hernia repairs recorded in the SHR has increased steadily from 1,690 in 1992 to 12,928 in 2001. Since the start of the registration, 7,931 operations for recurrent hernia have been conducted. As seen in Figure 3 , this amounts to 13.3% of all operations registered. Significantly fewer operations for recurrence were performed during the last 3 years (11,7%) than in the first 3 years (16.3%). Univariate analysis (without any adjustments) of the cumulative incidence of reoperation for recurrence after 5 years following all 59,823 hernia repairs was 4,5% (95% CI 4,3 -4,7), and for the 3 anesthetic alternatives LA, RA, and GA it was 3.7% (2.6 -4.8), 4.7% (4.3-5.1), and 4.7% (4.3-5.1), respectively. Figure 4 illustrates that techniques used in Swedish hernia surgery have changed considerably over the last decade. Mesh techniques such as the tension-free hernia repair according to Lichtenstein, laparoscopic repair, and plug methods were all introduced in Sweden in the early 1990s and together these methods now account for more than 80% of all hernia repairs. Most frequently used is the Lichtenstein technique, which has increased from 1% in 1994 to 48% in 2001. During the same period open nonmesh techniques, including the Shouldice repair, have gradually become less popular. Their share of the total number of operations fell from 75% to 18%. In 1996, 21% of all repairs were performed using a laparoscopic method, whereas in 2001 this figure had fallen to 7%. The whole body of data (59,623 operations) was used in multivariate analysis of possible risk factors of recurrence. The results are given in Table 1 . With the Lichtenstein technique as a reference the traditional myoaponeurotic methods (Bassini, Marcy, McVay, and others), the Shouldice repair, laparoscopic techniques, and open preperitoneal methods were all associated with a significantly increased risk of reoperation for recurrence. Recurrent hernia, postoperative complication, early absorbable suture, female and operations between 1992 and 1996 (vs. 1997 and 2001) were all associated with enhanced risk of reoperation, whereas the reverse held true for indirect and femoral hernia when compared with direct hernias. As regards age and emergency indication no influence on risk of reparation was detected.
The data of all 59,823 operations were also used to analyze the RR for reoperation after surgery with the 3 forms of anesthesia. As indicated above, no significant difference in risk for reoperation was found between LA, RA, or GA in univariate analyses. However, multivariate analyses demonstrated an increased RR for reoperation with LA in primary but not recurrent hernia. The results are shown in Table 2 . Using LA as a reference the RR was 0.76 (95% confidence interval ͓CI͔ 0.59 -0.99) and 0.79 (95%CI 0.61-1.02) for RA and GA, respectively. For recurrent hernia repairs (7931), the RR was 0.95 (95%CI 0.57-1.57) for RA and 1.02 (95%CI 0.62-1.69) for GA ie, there were no differences between the methods of anesthesia.
DISCUSSION
The large body of prospectively collected data that has been collected in the SHR provides a unique insight into results obtained in the ordinary hernia patient, ie, the patient who is not in any way selected and whose hernia is repaired by a surgeon who is not specialized in this type of surgery. Equally obvious are the limitations of this information. The data show the "ordinary" patient's paper trail and do not inform us about the valuable details that a physical examination 26 and personal history might add. Register studies with multivariate analysis cannot replace randomized trials (RCTs). Some aspects of hernia surgery cannot, however, easily be studied in RCTs. An example is late recurrence. Therefore, epidemiological studies based on validated quality registers can have an important complementary role. Register studies involve many surgeons with varying background and experience of (hernia) surgery, and therefore have the unique possibility to reflect outcome in routine clinical practice.
This study is not the first to find LA been associated with a somewhat higher risk of recurrence. In a recent study on the effect of smoking, Sorensen and coworkers 21 accidentally found LA to carry a higher risk than GA and RA lumped together. On the other hand, no such association was found in the Danish national hernia database. 7 Despite the fact that univariate analysis showed a somewhat lower risk for reoperation in the LA group, the multivariate analysis showed that LA was associated with a significantly increased risk for reoperation in primary but not in recurrent hernia repair. Sorensen et al also found similarly differences between the univariate and the multivariate analyses. 21 One conceivable explanation for this discrepancy may be the fact that LA selectively is used in a higher frequency with techniques associated with a decreased RR for reoperation (Table 1) .
LA has gradually become more and more popular among Swedish surgeons during the last decade. In 1992 no more than 1.7% of all operations were performed in LA, but that number had risen to 19% in 2001. Already when he found that the surgeon's personal experience was the factor that most strongly influenced recurrence. Because skill and experience seem to be of such great importance in this demanding technique, substandard results are likely to occur during a period when many of the surgeons using the technique are still in the learning stage. The surgeon's skill should be kept in mind in the evaluation of all operative data, even data from RCT. 27 Previous studies from teaching hospitals have demonstrated that excellent short 28 and long term 29 results may be achieved with recurrent hernia repair under LA. No increased reoperation rate was found in the present study when LA was used in operations for recurrent hernia. In Swedish hospitals repairs of recurrent hernias are most often allotted to the surgeon with most experience in the field. Thus, the finding seems to support the view that the increased recurrence rate after primary repairs may be linked to suboptimal training. Adequate training of surgeons and repeated analyses of outcome are both necessary if LA is to fulfill its aim as an attractive alternative to GA and RA. As seen in Figure 4 , there has been a profound change in the Swedish surgeons' preferences with respect to surgical techniques. Half of the groin hernia operations are currently performed using the open tension-free Lichtenstein repair. With this technique as a reference all other methods, including laparoscopic techniques, were associated with a significantly increased risk for reoperation. These results are largely in accordance with a report from the EU Hernia Trialists Collaboration. 30 This systematic review of all randomized controlled trials, showed that the recurrence rate of open mesh repairs was significantly lower than that of conventional open repairs. However, whereas we found the risk of reoperation higher after laparoscopic methods than after open anterior mesh placement the EU Hernia Trialists Collaboration found a similar recurrence rate after these 2 alternatives. 31 Presumably, these differences in outcome between a nationwide register and randomized trials reflect the difference between results of routine surgery and results reported by experts. However, in accordance with our previous report, 32 the RR for reoperation after laparoscopic and Lichtenstein operations did not differ significantly when only reoperation after recurrent hernia repairs were considered (data not shown).
In the Danish national hernia database 7 and large-scale studies, 9, 33 recurrent hernias have constituted 12-20% of all hernias treated. More satisfactory results were found in a recent audit 8 where 8.6% of all inguinal hernias in Scotland were conducted because of recurrent hernia.
The decreasing trend in operations for recurrence demonstrated in the SHR, paralleled by an increasing use of mesh techniques, gives room for some optimism. The ongoing quality work done by surgeons within the SHR may also have contributed to the improvement observed. 22 To sum up, the use of mesh techniques has increased considerably, and among these the Lichtenstein repair was associated with a significantly lower risk for reoperation than any other repair. Local anesthesia is slowly becoming more popular in Swedish hernia surgery. Its use was found to be associated with a somewhat higher reoperation rate in primary hernia repair. No similar association was found after operations for recurrence. This study indicates that further investigations on the effect of anesthesia on recurrence after hernia repair are motivated.
